INTRODUCTION

David L Nelson and Charles F. Tieman
Wildland shrui.ls are increasingly important on western rangelands (McKeU and others 1972; McKeU 1975a, I97Sb; McAnhur and others 1974) in the restoration of disturbed aJea5 (McArthur and others 1974; Monsen 1975 ) and for use on biggame ranges (Plummer and others 1968) . Sagebrush, ArtemisW spp., alone occurs on more than one-third of the 82D million acres (332 million hal of western shrublands (Beetle 1960; PluJ1lJ11eT 1974) . Its importance stems, if not from its ubiquity. (rom its awessiveness and tremendous diversity and adaptabilily (Bect1e 1960; McArthur and Plummer 1978) .
Weather extremes are a recognized important environmental element in the survival and natural selection of plants. The low precipitation period during the winter of 1976-77 may have been an example of such an extreme. Precipitation during this period was near the lowest in recorded history over most of the West . Following that winter, extensive areas of ~brush kill were observed in Idaho , Nevada. Utah . western Wyoming, and western Colorado. 5cvcrc damage to other shrub species was also observed. Winter injury appeared to be the primary cause. Some plant spc:cics appear to have been killed or damaged by drought alone.
The objective of Ihis paper is to briefly review winter injury of plants and shrubs in particular, document the observed winter injury of 1976-n , and correlate the occurrence with weather records.
REVIEW
Winter injury of conifers , hardwood trees, and ornamental shrubs ~ wdl docum<nted (fer eumple. Hubert 1918; Hilborn 1931; Nash 1943; Hunter-Blair 1946; Spaulding 1946; Wisconsin Department of Agriculture 1948; Curry and Church 19S2; Duf~odd 1956; Daubmmire 19S7; Day and Peace 1946; Pow,U 1972) . However, reference to winter injury of endemic wildland shrubs is rdatively rare. Cottam ( 1937) reported extensive damage to Covilka lridenlala (Larrea divaricala Cav., crrosote bosh). Slfombocarpo ""'.,. (Prruopi.f pub<sans Benth .
• mesquite). and Prruopi.f gkuuful_ (Prosopi.f jUlifloro (SW .) DC) following a cokj period in southwestern Utah . In this instance the damafe was probabty caused by freezing of plant tissue, and.-of the plan .. apparmtly recovered (Frosberg 1938) . Fr05l injury of bitterbrush (PIIrshia (ridenlala) occurred over a Jarae area of eutem California when several unusuaUy cold , below freezin, days followed an unusual warm speD in early April that stimulated bud growth (Smith and others 1965) . Ex· posed bitterbrush foliage was damaged in nonhern Utah apparently from extreme temperatures of -35°F (_37°q and _37°F (_38°q in early December and January following relatively warm periods (Jensen and Urness 1979) . Fourwing saltbush (Alrip/excanescenr) received winter injury in two off· site performance plantings in central Utah (Van Epps 1975) .
The injury in this case was attributed primarily to unusuaUy low temperatures; hardiness varied with the point of origin 'Jf the 20 accessions. Schumaker and others (1979) and Hanson and others (1982) reponed the loss of Artemisia lridentala ssp. vaseyana (mountain big sagebrush) in an area of southwestern Idaho that oct'Urred during winter 1976-n. Areas of most in· tense kill were those nonnaUycovered by 3.3 ft (1 m) or more of snow. They hypothesized that sagebrush plants remained ac~ live during most of the winter and became desiccated due to lack of normal soil moisture. A SO percent loss of shrub cover and increase in grass and forbs followed the sagebrush kill. Buckbrush (Ceanothus sp.) (Stickney 1965) and manzanita (Arctostaphylos spp.) commonly incur winter injury throughout the West during winters of incomplete snow cover. Perhaps due to the commonness of this inj ury and usual recovery Iiule at· tention is given. Tarry and Shaw (1966) associated Armillaria mel/ea, a root pathogen, with a dieback disease of Ceanothus spp. following winter injury in the PaciflC Nonhwest.
Winter injury has a rather broad meaning. and the mech~ anism is not completely understood (Slatyer 1976) . Plants pre· sumably suffer winter injury by freezing due to a lack of suffi· cient innate cold hardiness or absence of winter dormancy in cold-hardy plants. and due to winter drought or desiccation (Michael 1963 (Michael . 1967 Tranquillini 1964; Kramer 1969; Mazur 1969 : Sakai 1970 Alden and Hermann 1971) . Winter injury to nonindigenous or exotic plants adapled to warmer regions can usually be attnbuted to direct freezing. Plants in their native habitat or exotics may suffer damage from absence of winter dormancy or from desiccation, and the critical pe:iods are usuaUy in early and late winter (Day w1d Peace 1946; Peace 1962; Parker 1963) .
Dormancy is an adaptive phenomenon in plants that enables them to resist and survive moisture and temperature extremes of the external environment where they are indigenous. Exter~ nal environmental factors that initiate dormancy by innuencing growth are usuaUy a combination of temperature , moisture, nutrition, light quality, photoperiod, and temperature during ~ght and dark periods (Vegis 1964), The characteristic response BEST DUCUMENT AVAILAk»LE of plant species to these factors In the initiation and length of dormancy is hereditarily controlled . Prior to dormancy or full rest formation in faU or early winter. an unusual cold wave can result in freezing injury to native as well as exotic plants. In late winter after d?rmancy has ended, an unusual warm spell that stimulates growth activity, followed with a relurn to winter cold, can result in freezing injury. Leaf and shoot kill of evergreen plants durin, winter and spring is usually expressed later duri ... ~ the summer as the foliage turns brown (for exam· pIe, Felt 1943) . The other type of winter injury, desiccation, is thOUght to result from lethal dehydration resultmg from contin· ued transpiration with lack of sufftcient water absorption from the root system (Kramer 1969) . With the absence of snow cover. th, soil and root systems may freeze; or with severe cold , lower stems may freeze, preventing replacement oftran· spirational water loss in upper plant parts (Olberg 1955; Sakai I fJ'jO 
RESULTS
Description of Winter Injury
In the areas of sagebrush injury we visited in south-central and southern Idaho and .,orthern Utah, damage occurred primarily above 6,000 fl (I 800 m). This was generally true with survey reports, although in California and Oregon the elevation was somewhat lower. Typically the most severe damage occurred in mountain valleys (cover photo) and other areas of nonnally deep snow cover ( fig. 2 ). Southwesterly exposures and windswept ridges were usually rree of injury. Virtually aU large plants of mountain big sagebrush were kilJed on the high plateau areas we surveyed on Idaho's Sawtooth National Forest and Utah 's Uinta and Manti-LaSaJ National Forests ( fig. 3 ).
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Even in the most severe kill areas, however, some young plants up to 12 inches (JO cm) high were not affected ( fig. 4 ) . Partial kill of large plants was common (fig. 5), with increased frequency bordering normally exposed areas, protected areas, and areas ascending from vaUey or canyon bottoms. It was typical for mountain big sagebrush to be killed in canyon bottoms, but not injured at aU on adjacent normally exposed or partially exposed slopes. Of the areas we visited, mountain big sagebrush (Artemisia lridenlala ssp. vaseyana) was the only big sagebrus'. observed to be injured. Basin or valley big sagebrush (Arteff.isia lridemala ssp. IridenlDla) occurs at lower elevations and apparently was not damaged as extensively. This appeared to be generally true from survey reports although familiarity with the subspecies is not universal enough to make this generalization. Junipemscommunis, a procumbent shrub ( fig. 6 ), was injured virtually everywhere it occurred over the southeastern pc.rtion of the Challis National Forest. The foliage on the entire to upper portions of plants had turned brown, but it did not appear that the plants were entirely killed . On the Targhee Nat.~nal Forest in southeastern Idaho, huckleberry (YQC."('inium spp.), which grows under a canopy of lodsepole pine, was damaged over large areas. CharacteristicalJy the upper 6 to 12 inches (IS 10 30 em) of plants were dead and leafless. Snowberry (Sym- phoricarpru spp.) damaae on the southern Sawtooth National Forest ( fig. 7) in Idaho was similar to that of Yorx!n ium.
Spotty to intense winter injury of Ceanothus sp . was present almost everywhere the plant occurred (ftg. 8).
FIgIn4.-_wttllwtntor·ldl!od_ 1>Nah. _polchof """HeeI"' _ _ brush plante In cent., of photo. ... 1 of Oak~, klaho., Sawtooth National FotHt. 
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Results of the survey of Federal and State land management units are given in tables 1,2. Md 3; and the shrub species damaged are summarized in table 4. Within the survey area, which corresponds generally to the distributional range of big sagebrush, there were large areas with no reported winter in· jury. These were primarily almost aU of Montana and the east· em two-thirds of Wyoming and Colorado. The areas with the most severe winter injury were most of southern Idaho; southwestem Wyoming; northwestern Colorado; northeastern Utah, Nevada, and California; and south-central Oregon. (Refer to tables I through 3 for more specific locations.) At least 36 species in 21 genera were reported damaged. Artemisio tridentata injury was reported to occur in 190 localities t hroughout the survey area, followed by Ceanothus (liS), Af ('tostaphylos(49) , and Purshia (33). Based o n the survey estimate, almost entire kill of sagebrush occurred in locations totaling 340,(0) acres (138 (0) hal, with spotty kill in 80 additional locations. The act ual area of winter kill was undoubtedly much greater. Inj ury to other species occu rred in a much lesser number of locations (table 4) . This is probably a reflection of the relative abundance of the various species at least for those at elevations higher than 6,(0) ft (I 800 m). We suspect that t he lower elevation desert shrubs, Atriplex. Cera/oides. Grayio. Sof('obotus, and especially Coleogyne were probably killed o r injured by drought alone. BEST D OCUMENT AVAILA~LE _. I on '(1) Entire kill , (2) partial kill , (3) reddlsh-brown fr-t iage, (4) dead lealless shoots. climatic divisions corre<':'Qnding to areas of high winter injury and low winter injury indicates Ihat the average divisional precipitation was from about 20 to 45 percent lower in areas of high winter injury (tables 6 and 1 and fig . 9 ). The largest percentage difference was during December through April. The average act ual monthly accumulated precipitation was nearly the same in the respective areas. 
II
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Pinus edulls Engelm.
Prunus emarginata (Oougl.) Walp.
Sarcobatus vermiculatus (Hook.) Torr. 
Symphorlcarpcs oreophllus
,. ,. " ,.
-- 'Upper figure represent s the &c tual precipitation in Inches. lOwer figure reprl!lsents the percent 01 nc)fmal based on the t94t-1O record. BEST DOCUMENT AVAilAtllE Mar.
Apr.
- • Average mean temperature of lhe climatic dlYislons wilhl n the distributional zone 01 Artemisia trident., • .
tUpper figure represents the actual monthly mean temperature •• F. lower figure represents the depart· ure from notmal based on the 11)41-70 record.
The monthly mean temperature departure from nonnal \aricd little between States (table 8) . For most States, October was below nonnal, November above, December and January below, February above. March below, and April above.
DISCUSSION AND CONCLUSIONS
As far as we have been able 10 determine. the winter injury of wildland shru bs reponed here is the most extensive winter injury of indigenous plants ever recorded in the United States. The extensive kiU of big sagebrush over large areas represents a signirlCant natural vegetationaJ change. These areas will even· tually return to sagebrush, however. because some young plants survived and seeding will occu r from plants in surrounding areas. Although Qanolhusand Arcloslaphy/osconunonly recei ... e winter injury, it is seldom reponed . This is the rlfSl r~ of winter injury to most of the other shrub species listed h<re.
II is beyond our objecti ... e to establish the precise cause of the reported winter injury by an analysis o f past weather records. Averqed weather data tend to mask extremes that likety affect planl development and cause injury most directly. Because of the high elevatK>n, distribulK>nal pattern of the variouJ shrubs, and remoteness of the sites involved. few weather stations exist that keep compLete Iong·tmn records for the precix areas where winter injury occurred.
Tbc weather condilionJ durinl the winter of 1976-n caused winter injury that could ha ... e resulted from either fretti ng or winter desiccation or both. The extremely low precipitat ion durinl November through February and resulting low snow CO'VtT very likciy resulted in frozen !Jo.. • in those areas where it is normally froun slightly or not at aD . In additK>n . soil moisture ~ wac unusu; Uy low. The lack of snow and gmeTally abovt: normal tempeTllwes in November could have delayed IS dormancy formation in shrubs. This. followed by continued lack of snow co ... er and generally below nonnal temperatures in December. could ha ... e resulted in freezing injury. February was above normai in temperature, which could have stimulated growth activity in plants that had broken winter donnancy. During this time. consequential increased transpiration with soils of low available moisture. either due to frozen soil or lack of moisture. could ha ... e resulted in desiccation of upper plant parts. Below normal March temperatures foUowed . and this could also ha ... e resulted in freezing injury to plants that were possibly stimulated to growth activity during February. For the most part these conclu!ions support those of Schumaker and olhers (1979) and Hanson and olhm(I982) .
Although the monthly accumulated percent of normal precipitation in areas of little or no winter injury was around 20 to 45 percent higher than in areas of extensive winter injury. the actual accumulated precipitation was nearly the same . This could indicate that snow cover was actually no greater and plan! water deficits were probably just as high as in areas of winter injury. If this is true, it would s«m to suggest that an underlying factor leading to winter injury of some of these shrubs, in addition to high water deficits and lack of snow co ... er, could be less selection for winler hardiness. For example, sagebrush in protected areas of usual snow cover and of the same subspecies as on an adjacent exposed site. may not be selctted for winter hardiness to the same extent as their coun terpart on the exposed sile . This of course assumes other factors are equal . Frost penetration during inversions, for ex· ample. is likely srealer in ... aDey bouoms when there is little or no snow co ... er than on adjacent exposed lopes. Shrubs such as Ceanolhus W!/ulinw and Arcloslaphy/ospatu/a, which are com· monly damaged by winter inj ury. sprout from lower stems and the root crown and thereby survi ... e without the need for ex· treme winter hardiness.
